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ABSTRACT 
 
Bicyclist and pedestrian safety is a growing concern in San Francisco, CA, 
especially given the increasing numbers of residents choosing to bike and walk. Sharing 
the roads with automobiles, these alternative road users are particularly vulnerable to 
sustain serious injuries. With this in mind, it is important to identify the factors that 
influence the severity of bicyclist and pedestrian injuries in automobile collisions. This 
study uses traffic collision data gathered from California Highway Patrol’s Statewide 
Integrated Traffic Records System (SWITRS) to predict the most important 
determinants of injury severity, given that a collision has occurred. Multivariate binomial 
logistic regression models were created for both pedestrian and bicyclist collisions, with 
bicyclist/pedestrian/driver characteristics and built environment characteristics used as 
the independent variables. Results suggest that bicycle infrastructure is not an important 
predictor of bicyclist injury severity, but instead bicyclist age, race, sobriety, and speed 
played significant roles. Pedestrian injuries were influenced by pedestrian and driver age 
and sobriety, crosswalk use, speed limit, and the type of vehicle at fault in the collision.  
Understanding these key determinants that lead to severe and fatal injuries can help 
local communities implement appropriate safety measures for their most susceptible 
road users. 
 
 
 
 
 
 
 
  ii 
TABLE OF CONTENTS 
              Page 
 
LIST OF TABLES ................................................................................................................ iv	  
LIST OF FIGURES ............................................................................................................... v	  
INTRODUCTION .................................................................................................................. 1	  
Literature .......................................................................................................................... 2	  
Theoretical Framework .................................................................................................... 6 
Background of Biking and Walking in San Francisco ..................................................... 7	  
DATA & METHODS ............................................................................................................. 9	  
Summary Statistics ......................................................................................................... 14	  
Safety in Numbers? ......................................................................................................... 18	  
Methods .......................................................................................................................... 24	  
RESULTS ............................................................................................................................ 24	  
Bicycle Collisions ............................................................................................................ 26	  
Discussion: Bicycle Results ............................................................................................ 28	  
Pedestrian Collisions ...................................................................................................... 32	  
Discussion: Pedestrian Results ...................................................................................... 35	  
LIMITATIONS & AREAS FOR FURTHER RESEARCH ................................................... 38	  
CONCLUSION .................................................................................................................... 39 
REFERENCES ..................................................................................................................... 41 
 
APPENDIX 
A    BINOMIAL LOGISTIC MODEL, BICYCLE COLLISIONS, COP VS.  
       ALL OTHER INJURIES……………………………………………………………………………….44 
B    BINOMIAL LOGISTIC MODEL, BICYCLE COLLISIONS, DRIVER AT  
       FAULT, COP VS. ALL OTHER INJURIES……………………………………………………..47  
  iii 
              Page 
C    BINOMIAL LOGISTIC MODEL, BICYCLE COLLISIONS, COP & OV 
       VS. SEVERE & FATAL INJURIES………………………………………………………………..50  
D    BINOMIAL LOGISTIC MODEL, BICYCLE COLLISIONS, DRIVER AT 
       FAULT, COP & OV VS. SEVERE & FATAL INJURIES…………………………………...53  
E    BINOMIAL LOGISTIC MODEL, PEDESTRIAN COLLISIONS, COP 
       VS. ALL OTHER INJURIES………………………………………………………………………..56 
F    BINOMIAL LOGISTIC MODEL, PEDESTRIAN COLLISIONS, DRIVER 
       AT FAULT, COP VS. ALL OTHER INJURIES…………………………………………….…59 
G    BINOMIAL LOGISTIC MODEL, PEDESTRIAN COLLISIONS, COP &  
       OV VS. SEVERE & FATAL INJURIES…………………………………………………….….…62 
H    BINOMIAL LOGISTIC MODEL, PEDESTRIAN COLLISIONS, DRIVER 
        AT FAULT, COP & OV VS. SEVERE & FATAL INJURIES……………………….….…65  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  iv 
LIST OF TABLES 
 
Table              Page 
 
1. Previously Identified Injury Severity Determinants……….…………………………….…….3 
2. Distribution of Injury Severity……….…………………………………….…………………..…....14 
3. Distribution of Injury Severity, COP or Other Visible vs. Severe or Fatal………...….14 
4. Bicycle Victims – Injury Severity by Age……….………………………………………….……..17 
5. Pedestrian Victims – Injury Severity by Age……….…………………………………………...17 
6. Bicycle Victims – Injury Severity by Speed Limit……….……………………………….......18 
7. Pedestrian Victims – Injury Severity by Speed Limit……….……………………………….18 
8. Injury Measures and Commuting Characteristics, Bicyclists……………………………..19 
9. Injury Measures and Commuting Characteristics, Pedestrians………………………….20 
10. Correlation between Injury Measures and Commuting Characteristics………………20 
11. Bicycle Injury Severity Ratios – COP: Other Visible………………………………..…….....22 
12. Percentage of Bicycle Collisions Occurring near Bicycle Infrastructure………………23 
13. Pseudo R-squared Values for Logistic Regression Models…………………………………25 
14. Regression Results – Bicycle Collisions, COP vs. All Other Injuries…………….........26 
15. Regression Results – Bicycle Collisions, COP & OV vs. Severe & Fatal……..………...27 
16. Regression Results – Pedestrian Collisions, COP vs. All Other Injuries…..………….32 
17. Regression Results – Pedestrian Collisions, COP & OV vs. Severe & Fatal………….34 
 
 
 
 
 
 
 
 
 
 
 
  v 
LIST OF FIGURES 
 
Figure               Page 
1. Expected Injury Severity Determinants…………………………………………………..……..7 
2. Vision Zero High Injury Network Map………………………………………………..…..….…9 
3. California Bikeway Designations……………………………………………………..……..…...11 
4. Bicycle Injuries by Severity, 2005 – 2014………………………………………..……………15 
5. Pedestrian Injuries by Severity, 2005 – 2014……………………………………..…..….…16 
6. Annual Bicycle County Survey 2014 (SFMTA)…………………………………..……...….23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  1 
Introduction 
 
Increasingly, communities around the country have begun to acknowledge the 
benefits of having more diversified transportation systems – ones that enable walking 
and bicycling to be viable modes of transport. As more people choose these alternative 
modes, safety becomes increasingly important. Studies have examined the vulnerability 
of these road users and found that pedestrians and bicyclists are 12 and 23 times more 
likely to be killed in traffic accidents than car occupants, respectively (Pucher & Dijkstra, 
2003). With this in mind, it is important to identify the determinants of the collisions 
and their severities.  
This paper examines pedestrian and bicyclist collisions in San Francisco in an 
attempt to illuminate the most important factors in the severity of the crashes and the 
sustained injuries. The study takes a micro approach, examining the data at the 
individual crash level. Using logistic regression analysis, I identify factors associated with 
land use and the built environment (i.e. speed limits, presence of bike lanes, etc.) that 
influence crash severity, controlling for key demographic characteristics of the 
pedestrian or bicyclist. Further, I take an in-depth look at various relationships among 
key factors to provide a comprehensive understanding of the data retrieved. Collision 
data, including geolocation and injury severity, has been obtained from the California 
Highway Patrol’s Statewide Integrated Traffic Records System (SWITRS), and further 
data has been collected from city departments to enable comprehensive analysis. 
Determining the primary factors influencing crash severity could help local communities 
implement appropriate safety measures for their most vulnerable road users.  
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Literature 
 
Much of the literature regarding pedestrian and bicyclist injury severity suffers 
from lack of data availability. Underreporting of these accidents is a major concern and 
has caused many researchers to virtually ignore less severe events, limiting their 
calculations for risk to only the risk of “severe” events (Reynolds et al., 2009).  Further, 
apart from the underreporting of crashes, there is lack of credible data regarding 
pedestrian and bicyclist activity, in general. This inhibits researchers’ abilities to 
determine what factors lead to collisions in the first place. Thus, in order to address 
these concerns, some studies, including this one, choose to ignore bicycle and pedestrian 
“activity” or “exposure” altogether, instead focusing on the individual crashes 
themselves. In other words, instead of determining the risk of pedestrian and bicyclist 
accidents in general, this study will determine the factors influencing the severity of each 
collision, given that the collision has already occurred.  
Several studies have attempted to identify the most important determinants of 
bike and pedestrian injury severity stemming from on-street collisions. Most, however, 
have focused either on pedestrians or bicyclists, but not both. In addition, many of them 
examine a specific category of independent variables (i.e. roadway characteristics, 
environmental factors, crash characteristics, etc.), presumably due to data availability. 
Table 1 describes some of the most widely used independent variables in previous studies 
and their relationships regarding injury severity. 
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 The results of previous studies vary significantly, in part due to a diverse range of 
methods, geographies, and road users considered. Most of the studies in Table 1 
employed logit or probit models, but the specific type of regression varied. For instance, 
Kim et al. (2007) used a multinomial logit model, which attempts to predict the 
likelihood of an injury falling into a specific category, but ignores the ordinal nature of 
the variable. Zajac & Ivan (2003), on the other hand, utilized an ordered probit model, 
which takes into account the ordinal nature of the data and acknowledges that the 
differences between each severity category are not necessarily equal. The specific 
location of each study also leads to diversity among results. Geographies vary among the 
previous studies, with some focusing on cities or communities and others on larger 
regions or even countries. Rural and urban areas have significantly different 
demographics and built environment characteristics that influence which factors are 
important in determining injury severity.  Several studies sought to identify these 
differences between rural and urban areas (Klop & Khattak, 1999; Pour-Rouholamin & 
Zhou, 2016), while others focused on only rural (Zajac & Ivan, 2003) or urban areas (Sze 
& Wong, 2007; Aziz et al., 2013). Further, many researchers chose to focus either on only 
bicyclists (Stone & Broughton, 2003; Kim et al., 2007; Reynolds et al., 2009) or 
pedestrians (Haleem, et. al, 2015; Ulfarsson et al., 2010; Kim et al., 2010; Sze & Wong, 
2007; Aziz et al., 2013), while few examined both pedestrian and bicyclist injuries (Eluru 
et al., 2008; Chong et al., 2010). 
Still, certain factors have repeatedly been found to significantly influence bicyclist 
and pedestrian injury severity levels.  As seen in Table 1, inclement weather, dark 
conditions, the involvement of alcohol, age, and higher speed limits have all been found 
to increase severity levels for both pedestrians and bicyclists. Results regarding bicyclist 
  6 
and pedestrian gender, pedestrian crosswalk use and bicyclist helmet use, on the other 
hand, have seen mixed results.  
My review of the literature suggests that there is a lack of studies that: 
(1) Identify and compare pedestrian and bicyclist injury severity determinants 
(2) Examine the influence of built environment characteristics (crosswalks, bike 
lanes) on injury severity levels 
(3) Specifically utilize SWITRS data to study injury severity determinants in San 
Francisco 
 
Theoretical Framework 
 
The goal of this paper is to expand on the current knowledge regarding injury 
severity determinants, specifically looking at the city of San Francisco. The city reflects a 
wide range of built environment and demographic characteristics that will be useful in 
determining the factors that influence injury severity. Figure 1 illustrates those factors 
expected to most strongly predict severity levels. Bicyclist, pedestrian, and driver 
behavior should play a large role in determining the seriousness of a collision. This 
human behavior is influenced by a variety of factors, including age, gender, sobriety, 
weather, and pedestrian/bicyclist activity levels. For instance, young, male drivers are 
more likely to drive recklessly, and drivers may be more likely to drive carefully during 
extreme weather events or when high numbers of pedestrians or bicyclists are present. 
The idea that pedestrian and bicyclist activity levels may reduce the severity of injuries is 
of particular interest. This hypothesis represents an alternative version of the concept of 
“Safety in Numbers”, which states that areas with more biking and walking are 
necessarily safer for bicyclists and pedestrians, and will be discussed later. 
Bicyclist/pedestrian age is expected to both indirectly (by influencing human behavior) 
and directly impact injury severity, as older pedestrians and bicyclists are more prone to 
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sustain serious injuries in the event of an accident. Crosswalks and bike lanes, lower 
speed limits, and helmet use are all projected to lessen bicyclist and pedestrian injury 
severities.  
 
 
Figure 1. Expected Injury Severity Determinants 
 
 
Background of Biking and Walking in San Francisco 
 
San Francisco is an ideal location to study the effects of a diverse set of factors on 
injury severity for bicyclists and pedestrians. First, recent studies have shown that 
bicycle trips throughout the city have been rapidly increasing over the past several years. 
Specifically, the past ten years have seen a 184% increase in the number of bicycle trips 
in the city, and from 2014 to 2015 alone, the number of weekday bicycle trips increased 
by 8.5%  (San Francisco Municipal Transportation Agency, 2016). Further, the city has 
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taken strides to strengthen its bicycle infrastructure, particularly in areas with high 
numbers of bicyclists.  The city enhanced 161 lane miles of road (37% of its bike network) 
between 2010 and 2014 to accommodate for the growing number of bicyclists. Of those 
improvements, 85% focused on areas where bicycle mode share surpassed the citywide 
average of 4.4%.  
San Francisco is also known as one of the most pedestrian-friendly cities in the 
country. San Francisco’s “Walk Score” (a widely used metric to determine cities’ 
walkability levels) is 83.9 out of 100, second only to New York City for large cities in the 
United States (Walk Score). In 2014, 23% of all trips and 9.9% of commuting trips were 
taken by foot (SFMTA; U.S. Census). Despite these high numbers, pedestrians are 
disproportionately susceptible to involvement in serious accidents. 59% of those killed in 
traffic collisions in 2014 were pedestrians, compared to the national average of 14% 
(Vision Zero Coalition, 2015). 
Programs implemented by the San Francisco Planning Department, including 
Vision Zero and WalkFirst, have made pedestrian and bicyclist safety a top priority. 
Vision Zero has focused on identifying high-injury corridors throughout the city to 
determine the areas in most need for infrastructure or enforcement improvements. They 
have created an online interactive map (Figure 2 below) that displays collisions and 
high-injury corridors throughout the city. Targeting these areas already identified could 
dramatically reduce the number of severe and fatal collisions in San Francisco because 
over 70% of all traffic-related injuries and fatalities occur on only 12% (about 125 miles) 
of the city’s streets (Walk San Francisco). Although identifying these streets is an 
important first step, more information is needed to determine the factors that lead to 
these streets’ increased risk.  
  9 
 
Figure 2. Vision Zero High Injury Network Map (Vision Zero Coalition, 2015) 
Data & Methods 
I have downloaded detailed collision data for the city of San Francisco from 
California Highway Patrol’s Statewide Integrated Traffic Records System (SWITRS) for 
the years 2005-2014. The starting year of 2005 was selected because it was the first year 
that patrol officers began including latitude and longitude data in their collision reports. 
Still, 610 of the 12,741 total collisions over the 10-year study period lacked this location 
data and were therefore removed from the analysis. The remaining 12,131 collisions are 
comprised of 4,827 bicycle and 7,526 pedestrian collisions, including 222 collisions that 
involved both a bicyclist and a pedestrian. Because this study focuses on pedestrian and 
bicyclist injuries, the datasets were organized by victim – in total, there were 4,692 
bicyclist injuries and 7,790 pedestrian injuries. The data provides information regarding 
each individual injury and offers numerous variables describing each event. The 
following is a list of the most relevant variables available through SWITRS: 
• Injury severity (complaint of 
pain, visible injury, severe injury, 
fatality) 
• Age/sex of victim and driver 
• Time of day 
• Weather conditions 
• Road conditions 
• Lighting 
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• Location of collision (latitude 
and longitude available for some 
collisions) 
• Intersection  
• Violation codes (i.e. “unsafe 
speed”, “pedestrian violation”) 
• Sobriety of victim and driver 
• Type of collision (i.e. “head-on”, 
“sideswipe”) 
• Cell phone use
 
To complement the data retrieved from California Highway Patrol, more data 
regarding the built environment and area demographics were downloaded from other 
sources. Bike infrastructure and speed limit data was collected from SF OpenData, San 
Francisco’s official open data portal. Information regarding the city’s bicycle network, 
including locations of specific bicycle infrastructure (sharrows, bike boxes, etc.), will help 
determine if these measures reduce the severity of collisions in proximity to their 
locations. Relevant demographic data was also collected from the U.S. Census to provide 
background information on the communities (by census tract) in which each collision 
occurred. The following is a list of variables retrieved from SF OpenData and the U.S. 
Census. 
• Bicycle network (line) 
• Specific bicycle 
infrastructure (point) 
• Speed limit 
• Median age 
• Median/mean household 
income 
• Commuting characteristics 
• Population density 
 
Because this study aims, in part, to identify whether bicycle infrastructure lessens the 
severity of injuries stemming from bicycle collisions, it is important to define the 
different types of bicycle installations throughout the city. The California Bicycle 
Transportation Act (§890.4) explicitly defines the various types of bikeway facilities 
available for use in the state. Figure 3 shows facilities typical to each defined class. 
1. Class I Bikeway (Bike Path) - Provides a completely separated right of way for the 
exclusive use of bicycles and pedestrians with cross flow by motorists minimized. 
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2. Class II Bikeway (Bike Lane) - Provides a striped lane for one-way bike travel on 
a street or highway. 
3. Class III Bikeway (Bike Route) - Provides for shared use with pedestrian or motor 
vehicle traffic. 
 
 
Figure 3. California Bikeway Designations 
 
 Every collision for which location data was available was mapped to identify 
whether any bicycle or pedestrian facility was present at the time of the collision. Along 
with the linear bicycle network data, point data was mapped, representing various 
bicycle facilities, including bike boxes, sharrows, bike-only signals, and two-stage turn 
boxes. Buffers with radii of twenty feet were created in ArcGIS to determine whether 
each collision was proximal to a bicycle facility.  The bicycle infrastructure data included 
the year in which each facility was installed, but did not include the specific month or 
day. A collision was matched to a bicycle facility only if it fell within the buffer and 
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occurred during the second half of the year in which the facility was installed (July-
December).  
The dependent variable in this study is injury severity, classified into 4 categories 
based on the SWITRS data:  “Complaint of Pain” (COP), “other visible injury” (OV), 
“severe”, and “fatal”. The police officer at the scene of the collision determines the 
severity of each injury based on the California Highway Patrol’s Collision Investigation 
Manual. The following description of each category was taken directly from the CHP 
manual (California Highway Patrol, 2003). 
1. Fatal Injury:  Death as a result of injuries sustained in a collision, or an injury 
resulting in death within 30 days of the collision. 
2. Severe Injury: An injury, other than a fatal injury, that includes the following: 
a. Broken or fractured bones. 
b. Dislocated or distorted limbs. 
c. Severe lacerations. 
d. Skull, spinal, chest or abdominal injuries that go beyond “Other Visible 
Injuries.” 
e. Unconsciousness at or when taken from the collision scene. 
f. Severe burns. 
3. Other Visible Injuries: An injury, other than a fatal or severe injury, which is 
evident to observers at the scene of the collision. Other visible injuries include: 
a. Bruises, discoloration, or swelling. 
b. Minor lacerations or abrasions. 
c. Minor burns. 
4. Complaint of Pain: This classification could contain authentic internal, other 
non-visible injuries, and fraudulent claims of injury. “Complaint of Pain” 
includes:  
a. Persons who seem dazed, confused, or incoherent (unless such behavior 
can be attributed to intoxication, extreme age, illness, or mental 
infirmities).  
b. Persons who are limping, or complaining of pain or nausea, but do not 
have visible injuries.  
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c. Any person who may have been unconscious, as a result of the collision, 
although it appears he/she has recovered.  
d. Persons who say they want to be listed as injured but do not appear to be 
so. 
 
Although the CHP classifications contain specific criteria on which police officers 
designate injury severity, there exists an inherent subjectivity that may affect the 
accuracy of the data. For example, the distinction between “minor” and “severe” 
lacerations or burns determines whether an injury is designated as COP or OV and is 
based on the individual officer’s judgment, which may vary.  A 2005 study linked 
SWITRS pedestrian injury data with hospital records from San Francisco General 
Hospital (SFGH) in part to “see what biases exist in injury reporting and assess the 
utility of broad categories of police severe injury (including fatal) for mapping and 
analysis” (Sciortino et al., 2005). Of those victims treated at SFGH, African American 
and male pedestrians were less likely than Caucasian and female pedestrians to also have 
a police collision report, respectively. This ascertainment bias may be attributed to the 
reluctance of some victims to call the police following a collision. The researchers found 
that 89% of the severely injured pedestrians (as identified by the police) were 
hospitalized at SFGH, and 69% had Injury Severity Scores (ISS) of 10 or greater 
(denoting severe injuries). These results indicate that “…broad designations of police 
injury severity showed a high enough sensitivity to identify the majority of injured 
pedestrians who were hospitalized with severe injuries” (Sciortino et al., 2005). In other 
words, although the collision data is inherently biased due to the subjectivity of reporting 
officers and variability among gender, race, and age in the likelihood of reporting 
collisions to the police, it is still a useful tool for analysis. 
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Summary Statistics 
 
The number of pedestrian collisions outnumbered the bicycle collisions by over 
3,000, and there was a significantly higher percentage of serious injuries for pedestrians 
(11.58% of pedestrian injuries were fatal or severe, compared to 7.54% of bicyclist 
injuries). Tables 1 and 2 show the general distribution of collisions between pedestrians 
and bicyclists and injury severity levels. 
 
Table 2 
Distribution of Injury Severity 
	  
Pedestrians Bicyclists 
Injury Severity Count Percentage Count Percentage 
Fatal 183 2.35% 19 0.40% 
Severe 719 9.23% 335 7.14% 
Other visible 2436 31.27% 2221 47.33% 
COP 4453 57.16% 2118 45.13% 
TOTAL 7791 100% 4693 100% 
  
Table 3 
Distribution of Injury Severity, COP or Other Visible vs. Severe or Fatal 
  Pedestrians Bicyclists 
Injury Severity Count Percentage Count Percentage 
Fatal or Severe 902 11.58% 354 7.54% 
COP or Other Visible 6889 88.42% 4339 92.46% 
TOTAL 7791 100% 4693 100% 
 
 The majority of bicycle and pedestrian collisions occurred in the northeast 
section of the city, in neighborhoods such as the Mission District, South of Market, Nob 
Hill, and the Financial District. Figures 4 and 5 show the locations of bicycle and 
pedestrian collisions by injury severity level.  
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Figure 4. Bicycle Injuries by Severity, 2005 - 2014 
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Figure 5. Pedestrian Injuries by Severity, 2005 - 2014 
 
The relationship between injury severity and age corroborates the results found 
previously by Rivara et al. (1997), Kim et al. (2007), and others (as indicated in Table 1). 
The victims were organized into four categories by age: (1) Child – under 13; (2) 
Teenager – aged 13-17; (3) Adult – aged 18-64; and (4) Elderly – Over 64. Tables 4 and 5 
show that a higher percentage of elderly victims suffered serious (fatal or severe) injuries 
in both pedestrian and bicycle collisions. Understandably, the percentage of pedestrian 
collisions involving a senior citizen was much higher than the percentage of bicycle 
collisions involving a senior citizen (14% and 1.5%, respectively). Only 72 of the 4,683 
bicycle collisions involved a bicyclist over the age of 64, but 11 of those resulted in a 
severe injury (over 15%).  
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Table 4 
Bicycle Victims – Injury Severity by Age 
Age Category COP Other visible Severe Fatal TOTAL 
Child (under 13) 59.3% 37.0% 3.7% 0.0% 100% 
Teenager (13 to 17) 52.6% 41.1% 6.3% 0.0% 100% 
Adult (18 to 64) 45.0% 47.6% 7.0% 0.4% 100% 
Elderly (over 65) 41.7% 43.1% 15.3% 0.0% 100% 
 
Table 5 
Pedestrian Victims – Injury Severity by Age 
Age Category COP Other visible Severe Fatal TOTAL 
Child (under 13) 49.5% 40.6% 8.9% 1.0% 100% 
Teenager (13 to 17) 52.0% 40.1% 7.0% 0.9% 100% 
Adult (18 to 64) 60.1% 29.7% 8.7% 1.5% 100% 
Elderly (over 65) 48.5% 34.5% 11.2% 5.9% 100% 
 
Tables 6 and 7 generally indicate a higher proportion of severe injuries on roads 
where speed limits are high. However, the large majority of collisions occurred on streets 
with lower speed limits – 87% of both pedestrian and bicycle collisions were reported on 
streets with speed limits of 25 or lower. This figure may be inflated, as a speed limit of 25 
is used as the de facto speed limit for most residential and commercial streets. For the 
regression analysis, speed limits were aggregated into two categories: (1) 25 or lower and 
(2) higher than 25. 
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Table 6 
Bicycle Victims – Injury Severity by Speed Limit 
Speed 
limit 
COP 
Other 
visible 
Severe Fatal TOTAL 
Under 25 45.43% 47.36% 6.87% 0.35% 100% 
25 45.62% 48.04% 6.19% 0.15% 100% 
30 42.86% 45.66% 10.20% 1.28% 100% 
35 48.53% 43.38% 7.35% 0.74% 100% 
40 36.36% 63.64% 0.00% 0.00% 100% 
45 66.67% 33.33% 0.00% 0.00% 100% 
Over 45 28.33% 56.67% 15.00% 0.00% 100% 
 
Table 7 
Pedestrian Victims – Injury Severity by Speed Limit 
Speed 
limit 
COP 
Other 
visible 
Severe Fatal TOTAL 
Under 25 58.31% 31.40% 8.54% 1.75% 100% 
25 57.03% 30.53% 10.58% 1.86% 100% 
30 56.54% 29.87% 9.73% 3.86% 100% 
35 45.55% 33.22% 14.73% 6.51% 100% 
40 53.33% 20.00% 6.67% 20.00% 100% 
45 0.00% 60.00% 40.00% 0.00% 100% 
Over 45 35.96% 34.83% 8.99% 20.22% 100% 
 
Safety in Numbers? 
 
Although the city of San Francisco has seen significant growth in bicycle and 
walking trips, this study does not attempt to draw any conclusions regarding the 
causality between safety and this increase in bicycle/pedestrian activity. As stated earlier, 
the lack of available data regarding bicyclist and pedestrian activity precludes analysis to 
determine whether the increasing number of bicyclists and pedestrians has directly led 
to safer biking and walking. This idea, most recently proposed by P.L. Jacobsen in his 
study Safety in numbers: more walkers and bicyclists, safer walking and bicycling, has 
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been the subject of controversy and will not be the focus of this study. Although the data 
is unable to provide insight into how increases in pedestrian and bicyclist activity relate 
to the likelihood of a collision (one definition of “safety”), the data presented in this 
study does generally support the idea that bicyclist and pedestrian injuries tend to be less 
severe when bicycle and pedestrian mode shares are higher (given that a collision has 
occurred). Tables 8-10 below highlight the relationship between different injury 
measures (average injury and percentage severe or fatal) and activity measures (average 
bicycle and pedestrian commuting percentages and countywide bike and pedestrian 
mode share). 
 
Table 8  
Injury Measures and Commuting Characteristics, Bicyclists 
  Injury Measures Commuting Characteristics 
Year 
Calculated 
Average 
Injury (1-
4)* 
Percent 
Injuries, 
Severe or Fatal 
Calculated Average 
Bike Commute Mode 
Share, by Census 
tract 
Countywide 
Bike Commute 
Mode Share** 
2005 1.655 7.69% 4.38% 1.80% 
2006 1.66 7.72% 3.71% 2.30% 
2007 1.647 8.65% 4.38% 2.50% 
2008 1.646 5.98% 4.41% 2.70% 
2009 1.656 7.60% 4.26% 3.00% 
2010 1.658 7.26% 4.93% 3.50% 
2011 1.596 7.01% 4.89% 3.40% 
2012 1.572 5.24% 5.74% 3.80% 
2013 1.627 10.28% 5.54% 3.90% 
2014 1.603 8.98% 5.38% 4.40% 
* 1 – Complaint of Pain; 2 – Other Visible; 3 – Severe; 4 – Fatal 
** data taken from American Community Survey 1-year Estimates 
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Table 9 
Injury Measures and Commuting Characteristics, Pedestrians 
  Injury Measures Commuting Characteristics 
Year 
Calculated 
Average 
Injury (1-
4)* 
Percent of 
Injuries, 
Severe or Fatal 
Calculated Average 
Walk Commute 
Mode Share, by 
Census tract 
Countywide 
Walk 
Commute 
Mode Share** 
2005 1.58 11.86% 12.37% 9.60% 
2006 1.58 12.13% 14.11% 9.60% 
2007 1.6 12.64% 13.30% 9.70% 
2008 1.57 11.14% 15.99% 9.40% 
2009 1.62 14.34% 16.09% 10.30% 
2010 1.55 10.52% 16.05% 9.40% 
2011 1.54 10.82% 16.27% 9.90% 
2012 1.54 10.25% 17.91% 9.80% 
2013 1.58 10.61% 18.39% 10.90% 
2014 1.54 11.71% 18.00% 11.20% 
* 1 – Complaint of Pain; 2 – Other Visible; 3 – Severe; 4 – Fatal 
** data taken from American Community Survey 1-year Estimates 
 
Table 10 
Correlation between Injury Measures & Commuting Characteristics 
  Bicyclists Pedestrians 
  
Average Bike 
Commute Mode 
Share, by 
Census tract 
Countywide 
Bike 
Commute 
Mode Share 
Average Walk 
Commute Mode 
Share, by Census 
tract 
Countywide 
Walk 
Commute 
Mode Share 
Average 
Injury 
-0.782 -0.674 -0.484 -0.093 
Percent 
Severe 
0.06 0.167 -0.419 0.102 
 
The tables above contain different measures of injury levels and commuting 
characteristics. As mentioned previously, injuries in both the pedestrian and bicyclist 
datasets are recorded on a scale of 1 to 4, with 1 representing “Complaint of Pain” (the 
lowest severity level) and 4 representing “Fatal” (the highest severity level). “Average 
injury” levels were calculated for both pedestrian and bicyclist datasets for each year. 
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Although averaging this ordered categorical variable is not statistically valid, it does offer 
a broad view of the severity levels for each year and can help highlight other 
relationships in the data. The other injury measure is the percentage of reported 
collisions that resulted in either “Severe” or “Fatal” injuries for each year studied 
(“Percent Severe”). Bicycle and pedestrian commuting characteristics were also 
measured. Census tract-level commuting percentages were matched with each collision 
using data from American Community Surveys. For each year, these percentages were 
averaged to determine “Average Walk/Bike Commute Mode Share”. Lastly, broader 
countywide commuting characteristics were matched with each collision by year 
(“Countywide Walk/Bike Commute”).  
The results vary with both the type of activity measure used (average mode share 
by census tract vs. average mode share throughout the county) and the type of injury 
measure used (average injury severity vs. percent severe). The relationship between 
activity levels and injury severity levels for pedestrians is less pronounced than that for 
bicyclists.  However, a moderate correlation still exists between the average walk mode 
share and both injury severity measures (-0.484 and -0.419 for “Calculated Average 
Injury” and “Percent Severe”, respectively). For the most part, as census tract walk mode 
shares increase, pedestrian injury severity decreases.  
Bicyclist collisions saw much more nuanced results. As the number of people who 
ride bicycles to work increases (both by census tract and by county), the average injury 
severity generally decreases (correlation coefficients: -0.782 & -0.674, respectively). 
However, the other injury severity measure, “percent severe”, has almost no relationship 
with either activity measure. If the average severity generally decreases but the 
percentage of injuries deemed severe or fatal does not, the decrease in injury severity 
may be due to changes in the ratio between the lower level severity categories: 
  22 
specifically, more injuries deemed “COP” rather than “Other Visible”. Table 11 shows 
these ratios for each year.  
 
Table 11 
Bicycle Injury Severity Ratios – COP : Other Visible 
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
0.86 0.85 0.94 0.8 0.84 0.82 1.06 1.03 1.17 1.17 
 
Although no uniform pattern exists, the last four years of the study show a 
significant increase in “COP” injuries in relation to “Other Visible” injuries. In fact, 2011 
represents the first time that the number of “COP” injuries exceeded the number of 
“Other Visible” injuries, an outcome that persists throughout 2014. Such a dramatic shift 
in the ratio between “COP” and “Other Visible” injuries between 2010 and 2011 could be 
explained, in part, by shifting commuting patterns as well as deliberate municipal bicycle 
infrastructure efforts. San Francisco’s already increasing bicycle ridership saw a 
significant jump in 2010, as evidenced by Figure 6 below. Interestingly, that same year, 
San Francisco began significantly augmenting its bicycle network. Between 2006 and 
2010, an injunction against the city’s bicycle plan prevented any construction projects 
involving bicycle lanes, racks, or sharrows (San Francisco County Transportation 
Authority, 2010). This injunction was fully lifted in August 2010, allowing San Francisco 
to begin improving its bicycle network.  Table 12 illustrates that collisions occurring 
between 2011 and 2014 were much more likely to have taken place in proximity to 
bicycle infrastructure than collisions occurring before 2011. These results align with the 
city’s bicycle network augmentation strategy of prioritizing “high-injury corridors” for 
infrastructure improvements, but it is unclear whether these infrastructure 
improvements have led to increased safety throughout these corridors.   
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Figure 6. “Annual Bicycle County Survey 2014”, SFMTA (2009) 
 
Table 12 
Percentage of Bicycle Collisions Occurring near Bicycle Infrastructure 
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
18% 19% 25% 27% 29% 31% 41% 40% 39% 42% 
 
But does this mean that the increase in bicycle activity and the expansion of 
bicycle facilities resulted in a higher proportion of “COP” injuries?  One alternative 
explanation is a shift in the enforcement patterns and policies of police officers. The 
change in the built environment and the identification of high-injury corridors 
throughout the city could have influenced the behavior of the officers patrolling those 
areas. These officers may have prioritized these areas themselves as hotspots for bicyclist 
collisions and made an effort to monitor them more closely. Further, the higher 
proportion of COP injuries could be explained by a change in the way officers at the 
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scene define each injury category, but the CHP Collision Investigation Manual offers no 
evidence of formal changes to the classifications.     
Methods 
 
This paper utilizes logistic regression models to determine the likelihood of a 
bicyclist or pedestrian suffering an injury of a certain magnitude, given that an injury has 
occurred.  Logistic regression requires a dichotomous independent variable, so injury 
categories were aggregated in different combinations to create new, binary variables. For 
both the pedestrian and bicyclist datasets, two separate models were run. The first model 
compared the lowest severity category (COP) to all other injuries; the second compared 
the two lowest injury severities (COP and Other Visible) to the two highest injury 
severities (Severe and Fatal). Further, because driver characteristic data was only 
provided in the instance that the driver was at fault, supplementary models were run to 
include these driver characteristics. For each binary variable, the less severe category 
was labeled “1” and the more severe category, “0”.  In other words, an independent 
variable’s estimate is negative if it increases the probability of a more severe injury and 
positive if it increases the probability of a less severe injury. Because a specific variable’s 
model estimate is difficult to interpret, odds ratios were also calculated to determine the 
likelihood (or odds) that a specific variable’s value will result in a specific injury severity 
category.  
Results 
Multivariate binomial logit models were run for both the bicyclist and pedestrian 
datasets. The ordinal nature of the dependent variable (injury severity) necessitated two 
models for each dataset (bicyclists and pedestrians). The first compared the lowest 
severity level (“Complaint of Pain”) to all the others. The second compared the two 
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lowest severity levels (“Complaint of Pain” and “Other Visible Injury”) to the two highest 
levels (“Severe” and “Fatal”). A third model was attempted to compare fatal injuries 
versus all other injuries, but the small number of observations including fatal injuries 
precluded this analysis. McFadden’s pseudo R-squared values were calculated for each 
model to assess model fit. This statistic relates the log-likelihood of each model 
compared to the null model. In other words, the pseudo R-squared values explain how 
well each model explains the variability among injury severities compared to a model 
absent of any independent variables. These values can range from 0 to 1, with higher 
values representing a better fit. Table 13 presents the pseudo R-squared values for each 
model.  
 
Table 13 
Pseudo R-squared Values for Logistic Regression Models 
Model type Bicycle models Pedestrian models 
COP vs. all 0.088 0.112 
COP & OV vs. Severe & Fatal 0.122 0.140 
COP vs. all (driver at fault) 0.191 0.171 
COP & OV vs. Severe & Fatal (driver at fault) 0.274 0.230 
 
The pseudo R-squared values range from 0.088 to 0.274. These values are 
comparable to those found in previous studies. The mixed logit models run by Haleem et 
al. (2015) saw pseudo R-squared values of 0.21 and 0.27, and Kim et al. (2010) 
calculated a value of 0.19. Ulfarsson et al. (2010) saw a pseudo R-squared value of 0.37, 
but acknowledged that any value above 0.1 “already indicates meaningful improvement”. 
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This study’s values indicate that the models adequately explain injury severity, especially 
given the high degree of variability and subjectivity in injury severity data.   
Bicycle collisions 
The following tables show the significant variables from the logistic regression 
models for bicyclist injuries. See the Appendix for complete regression tables.  
 
Table 14 
Regression Results – Bicycle Collisions, COP vs. All Other Injuries 
Variable Direction P-value 
Bicyclist impaired More severe 0.032 ** 
Bicyclist, unsafe speed More severe 0.000 **** 
Bicyclist race, white More severe 0.000 **** 
Unusual road condition More severe 0.002 *** 
State highway More severe 0.030 ** 
Alcohol Involved More severe 0.070 * 
Summer (vs. fall) More severe 0.014 ** 
Year Less severe 0.006 *** 
Bicyclist age < 13 (vs. 18 - 64) Less severe 0.034 ** 
Wet, slippery Less severe 0.099 * 
Bicyclist gender Not significant - 
Bicyclist age 13 - 17 Not significant - 
Bicyclist age > 64 Not significant - 
Bicyclist wearing helmet Not significant - 
Automobile, unsafe speed Not significant - 
Party at fault Not significant - 
Hit & Run Not significant - 
Speed limit > 25 Not significant - 
Intersect Not significant - 
Control device Not significant - 
Bicycle infrastructure, linear Not significant - 
Bicycle infrastructure, point Not significant - 
Bicycle commuting % Not significant - 
Time of day Not significant - 
Day of week Not significant - 
Other seasons (vs. Fall) Not significant - 
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Lighting Not significant - 
* p < 0.1 ; ** p < 0.05 ; *** p < 0.01 ; *** p < 0.001 
 
 Table 14 shows that bicyclist injury severity levels tended to be higher than COP 
for white bicyclists (p = 0.00), bicyclists travelling at unsafe speeds (p = 0.00), bicyclists 
that were impaired at the time of the collision (p = 0.032), and bicyclists whose collisions 
took place on highways (p = 0.030) or roads with unusual conditions (p = 0.002). 
Injuries tended to be less severe for collisions occurring more recently (p = 0.006), for 
bicyclists under the age of 13 (p = 0.034), and, curiously, for collisions occurring during 
precipitation events or on slippery roads (0.099). Built environment characteristics, such 
as speed limit and the presence of bicycle infrastructure, did not significantly affect 
injury severity.  
 
Table 15 
Regression Results – Bicycle Collisions, COP & OV vs. Severe & Fatal 
Variable Direction P-value 
Bicyclist impaired More severe 0.030 ** 
Bicyclist age > 64 (vs. 18-64) More severe 0.026 ** 
Bicyclist race, white More severe 0.003 *** 
Speed limit > 25 More severe 0.003 *** 
Monday (vs. Friday) More severe 0.047 ** 
Thursday (vs. Friday) More severe 0.056 * 
Sunday (vs. Friday) More severe 0.006 *** 
Night (vs. afternoon) More severe 0.07 * 
Spring (vs. fall) More severe 0.053 * 
Passenger car at fault (vs. bicycle) Less severe 0.001 **** 
Bicyclist gender Not significant - 
Bicyclist age < 13 Not significant - 
Bicyclist age 13 - 17 Not significant - 
Bicyclist wearing helmet Not significant - 
Automobile/bicyclist, unsafe speed Not significant - 
Large vehicle at fault Not significant - 
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Other at fault Not significant - 
Pedestrian at fault Not significant - 
Alcohol Involved Not significant - 
Hit & Run Not significant - 
Wet, slippery Not significant - 
Intersect Not significant - 
Control device Not significant - 
Bicycle infrastructure, linear Not significant - 
Bicycle infrastructure, point Not significant - 
Bicycle commuting % Not significant - 
Other days of week (vs. Friday) Not significant   
Other seasons (vs. fall) Not significant - 
Lighting Not significant - 
* p < 0.1 ; ** p < 0.05 ; *** p < 0.01 ; *** p < 0.001 
 
 Table 15 offers an overview of the significant variables from the second model, 
comparing COP & OV injuries to severe & fatal injuries. This model found that impaired 
bicyclists (p = 0.030) and white bicyclists (p = 0.003) tended to have higher severity 
levels. However, compared to the first model that showed younger bicyclists were more 
likely to suffer less serious injuries, this model shows the opposite of that concept: 
bicyclists (over 64) were found to be more likely to suffer severe or fatal accidents (p = 
0.026). Further, several other variables deemed insignificant in the first model were 
found significant in this one. Severe and fatal accidents are more likely for collisions that 
occur on roads with speed limits above 25 (p = 0.003), that occur at night (p = 0.07), 
that occur on Monday, Thursday, or Sunday (p = 0.056; p = 0.006; p = 0.07), and that 
occur in the spring (p = 0.053). Collisions for which a passenger car was at fault 
(compared to a bicycle) saw lower severities (p = 0.001).  
Discussion: Bicycle Results 
 The first model (COP vs. all other) found that bicyclists travelling at unsafe 
speeds tended to suffer more serious injuries. Although higher speeds generally have 
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been found to increase severity, it is usually the speed of the automobile that has been 
the critical factor. Unsafe automobile speed, however, was found to not significantly 
impact bicyclist injury severity. Interestingly, a large number of bicycle-automobile 
collisions were the result of (or related to) bicyclists travelling at unsafe speeds. Of the 
547 collisions in which a citation for unsafe speed was given, 480 were deemed the 
bicyclist’s fault.  This statistic is corroborated by data presented in the San Francisco 
Bicycle Plan, which states that riding at an unsafe speed “…was the most common 
primary collision factor for which bicyclists were assigned fault” (SFMTA, 2009). 
Perhaps the relatively low speed limits, automobile traffic congestion, and numerous 
topographic changes throughout the city can explain how bicyclists, more than cars, 
obtain speeds that are deemed unsafe. 
 At least one age category was found to impact injury severity in both models. 
Children under the age of 13 were more likely to suffer the lowest injury category, COP. 
Other studies have found that young children (with various age cutoffs), on average, 
suffer more severe injuries in bicycle and pedestrian accidents than adults. It is 
interesting that this lowest age category was significant in the first model, but not the 
second. A possible explanation is that if a child is involved in a crash, regardless of its 
degree, it may be more likely to be reported. Conversely, an adult involved in a 
comparable minor collision may decide that a police report is unnecessary.  
 The year of the collision also was a factor in determining whether a collision was 
determined to be COP (the first model), but not COP or OV (second model). This 
coincides with the preliminary findings (shown in Table 11) that the ratio between COP 
and OV injuries generally increased over the study period. However, when grouped into 
two severity categories (COP/OV and Severe/Fatal), the ratios show no clear association. 
This could mean that in recent years, the increase in COP designations has been the 
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result of fewer OV designations. Again, this could be the result of a policy change in how 
officers report these injuries, but that is unclear. 
 The likelihood of suffering a more severe injury is higher for white bicyclists than 
for bicyclists of other races, as evidenced in both models (“COP vs. All” and “COP & OV 
vs. Severe & Fatal”). What is it about being white that leads to more severe injuries? Can 
it be explained by the stereotype that old white men are more likely to don Spandex and 
ride recreationally, usually at higher speeds than typical bicyclists? While the data shows 
that the average age of white bicyclists is not significantly higher than that of non-white 
bicyclists (33.67 to 33.5), there is a much smaller percentage of white bicyclists under 18 
(1.3%, compared to 7.1% for non-white bicyclists). Differences in age distributions could 
be a possible explanation, as age was found to be significant in both models, but gender 
wasn’t found to influence injury severity in either model. There also seems to be mixed 
results regarding the speed and safety of white bicyclists. White and non-white bicyclists 
were equally likely to be cited for travelling at unsafe speeds (both around 11%), although 
14.6% percent of collisions involving white bicyclists occurred on roads where the speed 
limit was above 25, compared to about 11.9% for non-white bicyclists. Further, 37.8% of 
white bicyclist victims were wearing helmets, significantly higher than the 24.7% of non-
white bicyclist victims. Although this may seem counterintuitive, several studies show 
that there is little evidence that helmet use reduces injury severity. In fact, some have 
shown that routine helmet users, due to their perceived safety, are more likely to take 
risks and cycle faster (Hillman, 1993; Phillips et al., 2011).  Even so, it is hard to say 
whether wearing a helmet increases one’s propensity for risk or that those bicyclists who 
take more risks wear helmets because of their tendency for riskier behaviors. With 
further data, it would be interesting to see the characteristics and riding styles indicative 
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of helmet-wearing bicyclists. It might be that recreational riders, more keen on riding in 
the road and at higher speeds, are much more likely to wear helmets.  
 It is important, however, to note that helmet use was not found to be significant 
in either model. This result may be explained by the specific aggregation of bicycle 
severities used in the models. In both models, severe and fatal injuries are grouped 
together, preventing analysis regarding any distinction between the two categories. 
Because helmets’ primary functions are to prevent serious head injuries and do not 
necessarily influence injuries on other parts of the body, the real impact that helmets 
have in reducing injury severity may only be visible between the two higher levels of 
crash severity. However, because the number of crashes resulting in fatal injuries is so 
small, it is hard to be certain. For those bicyclists who suffered severe or fatal injuries, 
4% (4 out of 103) of those wearing helmets and 6% (15 out of 251) of those not wearing 
helmets were killed.  
 Many of the variables were statistically significant in one model, but not the 
other. One possible explanation is the ambiguity of the non-fatal designations, 
particularly the distinction between “Other Visible” and “Severe” injuries. More than the 
other categories, OV and “Severe” are dependent on the discretion of the reporting 
officer, making the distinction not clear. Shifting the aggregation of the categories from 
the first model to the second (to include OV with COP injuries) separates the two middle 
categories into statistical opposites (1 or 0), when in reality, they are more similar than 
any of the others. Simply, the fact that many of the variables were only significant in one 
of the models could be due to the relationship between the two middle categories. 
 The final bicycle models included only bicyclist injuries for which the driver was 
at fault in the collision – 1726 out of 4692 injuries. A significantly lower number of 
variables were found to be significant, preventing detailed analysis of the results. Both 
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models (COP vs. all, COP & OV vs. Severe & Fatal) found that collisions in which drivers 
were cited for travelling at unsafe speeds were more likely to have lower severity levels. 
This unexpected outcome may be the result of the small number of observations 
available for modeling. As previously stated, most of the unsafe speed citations were 
issued to bicyclists, not drivers. Only 68 of the 1,726 collisions involved an unsafe speed 
violation by an automobile driver. Of these, the distribution of injury severities was 
heavily weighted towards less severe injuries – only 3 resulted in severe injuries and 
none resulted in a fatality. Hit and run accidents were more likely to result in a COP or 
OV injury than a more serious injury in driver-at-fault collisions, a finding that directly 
contradicts the previous models. In general for all data points, a hit and run incident 
usually results in a more severe injury. This may mean that a driver is more likely to flee 
the scene if they are at fault and if it was a minor collision, compared to the driver not 
being at fault. Regardless, these regression models failed to produce significant results in 
determining driver characteristics important in bicyclist injury severity.  
  
Pedestrian Collisions 
The following tables show the significant variables from the logistic regression 
models for pedestrian injuries. See the Appendix for complete regression tables.  
 
Table 16 
Regression Results – Pedestrian Collisions, COP vs. All Other Injuries 
Variable Direction P-value 
Pedestrian age < 13 More severe 0.000 **** 
Pedestrian age 13 -17 More severe 0.003 *** 
Pedestrian age > 64 More severe 0.000 **** 
Pedestrian race, white More severe 0.000 **** 
Pedestrian impaired More severe 0.003 *** 
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Hit & Run More severe 0.007 *** 
Speed limit > 25 More severe 0.006 *** 
State highway More severe 0.002 *** 
Night (vs. afternoon) More severe 0.003 *** 
Pedestrian in crosswalk Less severe 0.020 ** 
Passenger car at fault (vs. pedestrian) Less severe 0.000 **** 
Large vehicle at fault Less severe 0.046 ** 
Other at fault Less severe 0.000 **** 
Wet, slippery Less severe 0.024 ** 
Walking Commuting % Less severe 0.001 *** 
Pedestrian gender Not significant - 
Alcohol involved Not significant - 
Bicycle at fault Not significant - 
Unusual road condition Not significant - 
Intersect Not significant - 
Control device Not significant - 
Lighting Not significant - 
Morning or evening (vs. afternoon) Not significant - 
Day of the week Not significant - 
Year Not significant - 
Season Not significant - 
* p < 0.1 ; ** p < 0.05 ; *** p < 0.01 ; *** p < 0.001 
 
 Table 16 shows that pedestrian injury severity levels tended to be higher for 
children (p = 0.000), teenagers (p = 0.003), elderly (p = 0.000), and white pedestrians 
(p = 0.000). Collisions occurring on state highways (p = 0.002), at night (p = 0.003), on 
roads with speed limits higher than 25 (p = 0.006), and categorized as hit and run (p = 
0.007) also saw higher severity levels. Severity levels were lower when passenger cars (p 
= 0.000), large vehicles (p = 0.046), or other vehicles (p = 0.000) were at fault, and 
during precipitation events or on slippery roads (p = 0.024). Injuries also tended to be 
less severe when the pedestrian was in a crosswalk (p = 0.020) and in census tracts with 
higher percentages of pedestrian commuters (p = 0.001).  
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Table 17 
Regression Results – Pedestrian Collisions, COP & OV vs. Severe & Fatal 
Variable Direction P-value 
Pedestrian age > 64 More severe 0.000 **** 
Pedestrian impaired More severe 0.029 ** 
Hit & Run More severe 0.013 ** 
Speed limit > 25 More severe 0.000 **** 
State highway More severe 0.000 **** 
Night (vs. afternoon) More severe 0.000 **** 
Pedestrian in crosswalk Less severe 0.005 *** 
Passenger car at fault (vs. pedestrian) Less severe 0.000 **** 
Other at fault Less severe 0.000 **** 
Walking Commuting % Less severe 0.020 ** 
Pedestrian gender Not significant - 
Pedestrian age < 13 Not significant - 
Pedestrian age 13 - 17 Not significant - 
Pedestrian race Not significant - 
Alcohol involved Not significant - 
Large vehicle at fault Not significant - 
Bicycle at fault Not significant - 
Unusual road condition Not significant - 
Wet, slippery Not significant - 
Intersect Not significant - 
Control device Not significant - 
Lighting Not significant - 
Morning or evening (vs. afternoon) Not significant - 
Day of week Not significant - 
Year Not significant - 
Season Not significant - 
* p < 0.1 ; ** p < 0.05 ; *** p < 0.01 ; *** p < 0.001 
 
 The second pedestrian model (illustrated by Table 17) showed very similar 
results. Older pedestrians (p = 0.000), impaired pedestrians (p = 0.029), and hit and 
run victims (p = 0.013) saw greater levels of severity, along with pedestrians involved 
with collisions on roads with speed limits above 25 (p = 0.000), on state highways (p = 
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0.000), and at night (p = 0.000). Injury levels tended to be lower when passenger cars (p 
= 0.000) or other vehicles (p = 0.000) were at fault, when pedestrians were hit in 
crosswalks (p = 0.005), and in census tracts with higher percentages of pedestrian 
commuters (p = 0.020). 
Discussion: Pedestrian Results 
 The two models used to predict pedestrian injury severity showed very similar 
results. Age, inebriation, speed limit, and time of day (variables found in previous studies 
to influence severity) were all found to be important factors in increasing the severity of 
the victims’ injuries in both models. The strength of association for most of the variables 
that were significant in both models was also very high. This outcome may reveal that 
these particular variables are exceptionally important in determining injury severity. 
Because officers at the scene determined the severity levels, there is some concern that 
the subjectivity of the designations could reduce the reliability of the models, as 
mentioned in the discussion of the bicycle models’ results. However, the fact that the 
same variables were found to be statistically significant in both models means that they 
influence severity across all categories and strengthen the credibility of the findings. 
 The results show that pedestrian behavior plays a large role in determining injury 
severity. Although a majority of the pedestrian collisions occurred when the victim was 
in a crosswalk (4713/7790), pedestrians in crosswalks were more likely to avoid serious 
injuries. Of the pedestrian collisions occurring in a crosswalk, nearly 61% resulted in the 
lowest injury severity, compared to only 51% of collisions occurring outside of a 
crosswalk. This difference seems especially significant, given that it includes 687 times 
when the pedestrian was in a crosswalk but still found at fault in the collision. For all 
collisions, when the pedestrian was at fault, a COP injury was recorded about 46% of the 
time. This statistic holds true for those pedestrians at fault and also in a crosswalk: of the 
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687 pedestrians in a crosswalk and at fault, again, about 46% of total injuries were COP. 
The regression models show that collisions in which someone other than the pedestrian 
was at fault tended to result in less severe injuries, even when a large vehicle was 
involved. This illustrates that pedestrians play a large part in their own safety – following 
the rules of the road and crossing the street in a crosswalk can significantly reduce one’s 
chances of being involved in a serious accident. Another interesting finding was that 
collisions that occurred in census tracts with a higher percentage of pedestrian 
commuters saw less severe pedestrian injuries. It is unclear whether this fact supports 
Jacobsen’s presumption that more walkers result in safer walking, but it does seem to 
play a role in injury severity (at least at the census tract level). 
 The time of day and pedestrian sobriety were also found to be significant in both 
models. Nighttime collisions and those in which the pedestrian was impaired had higher 
degrees of injury. These variables are also somewhat correlated, as most of the instances 
(about 73%) in which the pedestrian was under the influence occurred at night. Road 
type and speed limit have a similar relationship. Both variables were significant in both 
models, and state highways were more likely to have higher speed limits than non-
highway roads. Although the possibility of confounding variables is a concern, excluding 
the state highway and pedestrian sobriety variables from the regression did not 
considerably change the significance of the other variables (speed limit and time of day, 
respectively).  
 The models also returned some less intuitive results. Collisions occurring during 
precipitation events or when the roads were deemed slippery tended to be less severe. 
Wet conditions would appear to decrease the safety of pedestrians walking along or 
across the street, but they may, in fact, only increase the likelihood of being in a collision 
in the first place. Driver and pedestrian behavior may play a role: less-than-ideal 
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conditions could shape people’s behavior on the street, leading drivers to drive slower 
and more carefully and pedestrians to take greater care. Collisions occurring on state 
highways and on roads with lower speed limits also tended to have lower injury 
severities, so slower automobile traffic could account for this finding. Even so, it seems 
that the influence of rainy weather is dependent on the location of the study. A study 
conducted in Florida found that wet conditions led to increases in injury severity 
(Haleem et al., 2015), but wet conditions in Manhattan were found to lessen injury 
severity and the likelihood of a fatality (Aziz et al., 2013). It could be that wet conditions 
in dense urban communities more greatly influence human behavior (and therefore 
injury severity).  
The final pedestrian models included only pedestrian injuries for which the 
driver was at fault in the collision – 4730 out of 7790 injuries. The results of these 
models showed many of the variables significant in the earlier models were also 
significant for only collisions for which the driver was at fault, including pedestrian age, 
race, and sobriety, speed limit, pedestrian commuter percentage, and crosswalks. Driver 
characteristics found to influence pedestrian injury severity included driver sobriety and 
age, vehicle type, and whether the driver was turning at the time of the collision. 
Impaired drivers, drivers aged 21 or younger, and male drivers tended to be involved in 
more serious collisions. This was the first and only time gender was found to 
significantly influence injury severity. Male drivers, and young male drivers in particular, 
have been shown to behave in riskier behavior behind the wheel, which could explain 
their tendency to be involved in severe accidents.  
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Limitations & Areas for Further Research 
 Inconsistencies in the data could be a concern for the validity of this study. As 
mentioned before, the SWITRS data used in this study represent police officers’ on-the-
scene accounts of bicyclist and pedestrian collisions. This in itself reduces the objectivity 
of the data, especially for variables with ambiguous categorical distinctions. In addition, 
certain variables, such as violation category, contained seemingly contradictory or 
confusing values that made it difficult to include and analyze in this study. For example, 
“automobile right of way” and “pedestrian right of way” are two citations that were 
frequently given on the scene. The exact meaning of these designations is unclear – for 
collisions in which “automobile right of way” was cited as the violation, the party at fault 
varied between automobile drivers, bicyclists, and pedestrians.  
 Further, the external validity of this study is limited. The high degree of 
variability among the findings of past studies, as mentioned previously, illustrates the 
importance of location in determining pedestrian and bicyclist injury severity levels.  The 
results of this study can only be used to describe the specific situation in San Francisco 
and should not extrapolated to determine injury severities in other geographic locations 
and temporal scales. Further research could examine the generalizability of these 
determinants to other regions and urban designs. 
 This study also required the manipulation of multiple datasets from different 
sources, which may be of some concern. Information from different sources was merged 
into one dataset, so the accuracy of some of the variables may be in question. For 
example, bicycle infrastructure and speed limit data was gathered from SF OpenData 
and as merged with data from SWITRS and the U.S. Census. The collision and bicycle 
infrastructure data was mapped in ArcGIS and buffers were created to determine the 
proximity of infrastructure to collision locations. However, the presence of infrastructure 
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within a certain radius of the collision does not necessarily mean the bicyclist was 
utilizing the facility (at all or correctly) at the time of the collision. In addition, the 
specific date or month of installation was not provided for the bicycle infrastructure, it 
was unclear whether it even existed at the time of the collision. 
 Finally, there may be some concern regarding multicollinearity. Each of the 
variables was tested to determine whether multicollinearity existed, and, although the 
large majority of predictor variables were not highly correlated with each other, the two 
variables used for bicycle infrastructure were related (correlation coefficient = 0.56). 
Merging the point and linear bicycle infrastructure variables, however, had no effect on 
significance levels or model fit. Further research is needed to specify the relationship 
between bicycle infrastructure and injury severity. 
Conclusion 
The city of San Francisco has acknowledged that safety of its most vulnerable 
road users should be a priority and has taken great strides to reach its goal of “Vision 
Zero”: zero traffic deaths by 2024. Understanding the complex relationships between 
various factors that influence injury severity is an important step in accomplishing this 
goal. This study has found that bike and pedestrian injuries are dependent on a wide 
range of variables. For bicyclists, sobriety, unsafe speed, race, and age were most 
significantly associated with higher severity levels. Built environment characteristics 
intended to increase the safety of bicyclists (bicycle lanes, bike boxes, etc.) did not play a 
significant role. It is important to note that although San Francisco’s bicycle 
infrastructure network failed to lessen injury severities, it may very well help decrease 
the likelihood of a collision in the first place.  Pedestrian injuries were most significantly 
influenced by pedestrian and driver sobriety, time of day, vehicle type, crosswalk use, 
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speed limit, and percentage of pedestrian commuters in the census tract. The results of 
the pedestrian models were more uniform across injury severity groupings than were the 
results of the bicycle models, which may indicate a stronger association with injury 
severity in general.  Despite its inherent limitations, this study has identified some of the 
most important factors influencing the severity bicyclist and pedestrian injuries and 
helps to clarify the priorities regarding the safety of all road users. 
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APPENDIX A 
 
BINOMIAL LOGISTIC MODEL, BICYCLE COLLISIONS, COP VS. ALL OTHER 
INJURIES  
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Variable   Category   Estimate   OR   P-value 
Bicyclist Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
-0.102 
 
0.903 
 
0.150 
         
Bicyclist Age 
 
Age < 13 ** 
 
0.626 
 
1.870 
 
0.034 
  
Age 13 - 17 
 
0.219 
 
1.245 
 
0.314 
  
Age 17 - 64 
 
Reference 
 
Reference 
  
  
Age > 64  
 
0.028 
 
1.028 
 
0.913 
         
Bicyclist Race White **** 
 
-0.284 
 
0.753 
 
0.000 
  
Other 
 
Reference 
 
Reference 
  
         
Bicyclist Impaired No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
-0.588 
 
0.555 
 
0.032 
         
Alcohol Involved No 
 
Reference 
 
Reference 
  
  
Yes * 
 
-0.314 
 
0.731 
 
0.070 
         
Bicyclist, Unsafe Speed No 
 
Reference 
 
Reference 
  
  
Yes **** 
 
-0.555 
 
0.574 
 
0.000 
         
Automobile, Unsafe Speed No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.289 
 
1.335 
 
0.278 
         
Bicyclist, Wearing Helmet No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.061 
 
0.941 
 
0.368 
         
Party at Fault Bicycle 
 
Reference 
 
Reference 
  
  
Passenger Car 
 
0.057 
 
1.059 
 
0.459 
  
Large Vehicle 0.127 
 
1.135 
 
0.687 
  
Other 
 
-0.013 
 
0.987 
 
0.885 
  
Pedestrian 
 
0.437 
 
1.549 
 
0.161 
         
Unusual Road Condition No 
 
Reference 
 
Reference 
  
  
Yes *** 
 
-0.483 
 
0.617 
 
0.002 
         
Precipitation or Slippery No 
 
Reference 
 
Reference 
  
  
Yes * 
 
0.216 
 
1.241 
 
0.099 
         
Hit & Run 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.028 
 
1.028 
 
0.800 
         
Speed Limit 
 
25 or under 
 
Reference 
 
Reference 
  
  
Over 25 
 
-0.056 
 
0.946 
 
0.559 
         
Intersect 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.070 
 
1.072 
 
0.311 
         
State Highway No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
-0.380 
 
0.684 
 
0.030 
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Variable   Category   Estimate   OR   P-value 
Control Device No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.108 
 
1.114 
 
0.125 
         
Bike Infrastructure (linear) None 
 
Reference 
 
Reference 
  
  
Separated 
bikeway 0.234  1.263  0.326 
  
Bike route 
 
0.176 
 
1.193 
 
0.390 
  
Buffered bike lane -0.001 
 
0.999 
 
0.998 
  
Green wave 
 
0.088 
 
1.091 
 
0.611 
  
Regular bike lane -0.061 
 
0.941 
 
0.553 
         
Bike Infrastructure (point) None 
 
Reference 
 
Reference 
  
  
Point 
infrastructure 
-0.195 
 
0.823 
 
0.330 
         
Bicycle Commuting 
Percentage 
Continuous 
 
0.012 
 
1.013 
 
0.151 
         
Daylight or Street Lights Dark 
 
Reference 
 
Reference 
  
  
Light 
 
0.031 
 
1.032 
 
0.839 
         
Time of Day 
 
Morning 
 
0.082 
 
1.085 
 
0.319 
  
Day 
 
Reference 
 
Reference 
  
  
Evening 
 
0.105 
 
1.111 
 
0.268 
  
Night 
 
0.040 
 
1.041 
 
0.648 
         
Day of the Week Monday 
 
-0.048 
 
0.953 
 
0.670 
  
Tuesday 
 
0.059 
 
1.061 
 
0.588 
  
Wednesday 
 
-0.093 
 
0.911 
 
0.392 
  
Thursday 
 
0.057 
 
1.058 
 
0.601 
  
Friday 
 
Reference 
 
Reference 
  
  
Saturday 
 
0.016 
 
1.016 
 
0.893 
  
Sunday 
 
-0.113 
 
0.893 
 
0.366 
         
Year 
 
Continuous *** 0.033 
 
1.034 
 
0.006 
         
Season 
 
Spring 
 
-0.132 
 
0.876 
 
0.124 
  
Summer ** 
 
-0.209 
 
0.812 
 
0.014 
  
Fall 
 
Reference 
 
Reference 
  
  
Winter 
 
-0.016 
 
0.984 
 
0.859 
         
McFadden’s Pseudo R-squared: 0.088 
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APPENDIX B 
 
BINOMIAL LOGISTIC MODEL, BICYCLE COLLISIONS, DRIVER AT FAULT, COP VS. 
ALL OTHER INJURIES 
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Variable   Category   Estimate   OR   P-value 
Bicyclist Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
-0.149 	   0.861 	   0.212 
         
Bicyclist Age 
 
Age < 13 ** 
 
2.129 	   8.407 	   0.049 
  
Age 13 - 17 
 
0.246 	   1.279 	   0.607 
  
Age 17 - 64 
 
Reference 
 
Reference 
  
  
Age > 64  
 
-0.332 	   0.717 	   0.521 
         
Bicyclist Race White ** 
 
-0.257 	   0.774 	   0.043 
  
Other 
 
Reference 
 
Reference 
  
         
Bicyclist Impaired No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.666 	   0.514 	   0.631 
         
Bicyclist, Wearing Helmet No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.009 	   0.991 	   0.935 
         
Driver Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
0.011 	   1.011 	   0.926 
     	    	    
Driver Age 
 
Age < 22 
 
-0.018 	   0.982 	   0.943 
  
Age 22 - 64 
 
Reference 	   Reference 	    
  
Age > 64 
 
0.202 	   1.224 	   0.289 
     	    	    
Driver Race 
 
White 
 
0.087 	   1.091 	   0.425 
  
Other 
 
Reference 	   Reference 	    
     	    	    
Driver, Drinking or Drugs No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.295 
	  
1.344 
	  
0.708 
     	    	    Driver turning No 
 
Reference 
	  
Reference 
	    
  
Yes 
 
-0.066 
	  
0.936 
	  
0.582 
         
Driver, Unsafe Speed No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
0.774 	   2.168 	   0.042 
         
Alcohol Involved No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.807 	   0.446 	   0.270 
         
Party at Fault Passenger Car 
 
Reference 
 
Reference 
  
  
Large Vehicle 0.070 	   1.073 	   0.841 
  
Other 
 
0.210 	   1.233 	   0.196 
         
Unusual Road Condition No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.333 	   0.717 	   0.406 
 
Hit & Run  
 
No  
 
Reference  
 
Reference  
 
 
  Yes  -0.233  0.792  0.576 
 
Speed Limit  
 
25 or under  
 
Reference  
 
Reference   
  Over 25  -0.006  0.994  0.973 
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Variable  Category  Estimate  OR  P-value 
Intersect 
 
No 
 
Reference 
 
Reference 
  
  
Yes * 
 
0.238 	   1.268 	   0.067 
         
State Highway No 
 
Reference 
 
Reference 
  
  
Yes *** 
 
-1.189 	   0.305 	   0.003 
         
Control Device No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.151 	   1.163 	   0.236 
         
Bike Infrastructure (linear) None 
 
Reference 
 
Reference 
  
  
Separated 
bikeway 
-0.117 	   0.889 	   0.791 
  
Bike route 
 
-0.217 	   0.805 	   0.626 
  
Buffered bike 
lane -0.136 	   0.873 	   0.717 
  
Green wave 
 
0.283 	   1.327 	   0.305 
  
Regular bike lane 0.020 	   1.020 	   0.901 
         
Bike Infrastructure (point) None 
 
Reference 
 
Reference 
  
  
Point 
infrastructure 
0.373 	   1.452 	   0.394 
         
Bicycle Commuting 
Percentage 
Continuous 
 
0.001 	   1.001 	   0.928 
         
Daylight or Street Lights Dark 
 
Reference 
 
Reference 
  
  
Light 
 
-0.039 	   0.962 	   0.885 
         
Time of Day 
 
Morning 
 
0.180 	   1.197 	   0.199 
  
Day 
 
Reference 
 
Reference 
  
  
Evening 
 
0.055 	   1.057 	   0.741 
  
Night 
 
0.138 	   1.148 	   0.405 
         
Day of the Week Monday 
 
0.059 	   1.061 	   0.761 
  
Tuesday 
 
0.070 	   1.072 	   0.709 
  
Wednesday 
 
0.043 	   1.044 	   0.821 
  
Thursday 
 
0.104 	   1.110 	   0.585 
  
Friday 
 
Reference 
 
Reference 
  
  
Saturday 
 
0.201 	   1.223 	   0.373 
  
Sunday 
 
-0.088 	   0.916 	   0.712 
         
Year 
 
Continuous ** 0.050 	   1.052 	   0.020 
         
Season 
 
Spring 
 
-0.007 	   0.993 	   0.965 
  
Summer  
 
0.015 	   1.015 	   0.920 
  
Fall 
 
Reference 
 
Reference 
  
  
Winter 
 
0.018 	   1.018 	   0.909 
     	    	    
McFadden’s Pseudo R-squared:0.191 
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APPENDIX C 
 
BINOMIAL LOGISTIC MODEL, BICYCLIST COLLISIONS, COP & OV VS. SEVERE & 
FATAL INJURIES 
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Variable   Category   Estimate   OR   P-value 
Bicyclist Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
-0.093 
 
0.911 
 
0.501 
         
Bicyclist Age 
 
Age < 13 
 
0.625 
 
1.867 
 
0.394 
  
Age 13 - 17 
 
0.237 
 
1.267 
 
0.617 
  
Age 17 - 64 
 
Reference 
 
Reference 
  
  
Age > 64 ** 
 
-0.801 
 
0.449 
 
0.026 
         
Bicyclist Race White *** 
 
-0.415 
	  
0.660 
	  
0.003 
  
Other 
 
Reference 
 
Reference 
  
         
Bicyclist Impaired No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
-0.754 
	  
0.471 
	  
0.030 
         
Alcohol Involved No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.245 
	  
0.783 
	  
0.377 
         
Bicyclist, Unsafe Speed No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.166 
	  
0.847 
	  
0.373 
     	    	    Automobile, Unsafe Speed No 
 
Reference 
	  
Reference 
	    
  
Yes 
 
0.151 
	  
1.163 
	  
0.804 
         
Bicyclist, Wearing Helmet No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.137 
	  
1.147 
	  
0.302 
         
Party at Fault Bicycle 
 
Reference 
 
Reference 
  
  
Passenger Car 
****  
0.549 
	  
1.731 
	  
0.001 
  
Large Vehicle 1.182 
	  
3.262 
	  
0.248 
  
Other 
 
-0.034 
	  
0.966 
	  
0.837 
  
Pedestrian 
 
0.679 
	  
1.971 
	  
0.356 
         
Unusual Road Condition No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.331 
	  
0.718 
	  
0.168 
         
Precipitation or Slippery No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.404 
	  
1.498 
	  
0.150 
         
Hit & Run 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.252 
	  
0.777 
	  
0.197 
         
Speed Limit 
 
25 or under 
 
Reference 
 
Reference 
  
  
Over 25 *** 
 
-0.473 
	  
0.623 
	  
0.003 
         
Intersect 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.058 
	  
0.943 
	  
0.654 
         
State Highway No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.089 
	  
1.093 
	  
0.773 
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Variable   Category   Estimate   OR   P-value 
Control Device No  Reference  Reference   
  Yes  0.136 	  
1.145 
	  
0.302 
	   	   	   	   	   	   	   	   	  Bike Infrastructure (linear) None  Reference  Reference   
  
Separated 
bikeway 
0.276 
 
1.318 
 
0.573 
  
Bike route 
 
-0.123 
 
0.884 
 
0.752 
  
Buffered bike lane 0.511 
 
1.668 
 
0.284 
  
Green wave 
 
0.034 
 
1.035 
 
0.919 
  
Regular bike lane 0.141 
 
1.151 
 
0.504 
         
Bike Infrastructure (point) None 
 
Reference 
 
Reference 
  
  
Point 
infrastructure 0.304  1.355  0.434 
         
Bicycle Commuting 
Percentage 
Continuous 
 
-0.014 
 
0.987 
 
0.403 
         
Daylight or Street Lights Dark  Reference  Reference   
  Light  0.227  1.254  0.376 
         
Time of Day  Morning  0.149  1.161  0.369 
  Day  Reference  Reference   
  Evening  0.019  1.019  0.922 
  Night *  -0.286  0.751  0.070 
         
Day of the Week Monday **  -0.438  0.646  0.047 
  Tuesday  0.015  1.015  0.949 
  Wednesday  -0.237  0.789  0.286 
  Thursday *  -0.410  0.663  0.056 
  Friday  Reference  Reference   
  Saturday  -0.138  0.871  0.569 
  Sunday ***  -0.617  0.539  0.006 
         
Year  Continuous  -0.016  0.985  0.492 
         
Season  Spring *  -0.320  0.726  0.053 
  Summer  -0.142  0.867  0.394 
  Fall  Reference  Reference   
  Winter  -0.154  0.858  0.403 
         
McFadden’s Pseudo R-squared: 0.122 
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APPENDIX D 
 
BINOMIAL LOGISTIC MODEL, BICYCLE COLLISIONS, DRIVER AT FAULT, COP & 
OV VS. SEVERE & FATAL INJURIES 
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Variable   Category   Estimate   OR   P-value 
Bicyclist Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
0.285 
	  
1.330 
	  
0.306 
         
Bicyclist Age 
 
Age < 13 
 
14.455 
	  
1894806.621 
	  
0.991 
  
Age 13 - 17 
 
-0.858 
	  
0.424 
	  
0.310 
  
Age 17 - 64 
 
Reference 
 
Reference 
  
  
Age > 64  
 
-0.655 
	  
0.519 
	  
0.547 
         
Bicyclist Race White  
 
-0.336 
	  
0.715 
	  
0.309 
  
Other 
 
Reference 
 
Reference 
  
         
Bicyclist Impaired No 
 
Reference 
 
Reference 
  
  
Yes 
 
13.750 
	  
936498.250 
	  
0.994 
         
Bicyclist, Wearing Helmet No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.115 
	  
1.121 
	  
0.683 
         
Driver Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
-0.177 
	  
0.838 
	  
0.556 
     	    	    
Driver Age 
 
Age < 22 
 
0.331 
	  
1.392 
	  
0.611 
  
Age 22 - 64 
 
Reference 	   Reference 	    
  
Age > 64 
 
-0.033 
	  
0.968 
	  
0.943 
     	    	    
Driver Race 
 
White * 
 
0.492 
	  
1.636 
	  
0.073 
  
Other 
 
Reference 	   Reference 	    
     	    	    
Driver, Drinking or Drugs No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.661 
	  
0.516 
	  
0.727 
     	    	    Driver turning No 
 
Reference 
	  
Reference 
	    
  
Yes 
 
0.104 
	  
1.110 
	  
0.722 
         
Driver, Unsafe Speed No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
0.419 
	  
1.520 
	  
0.691 
         
Alcohol Involved No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.626 
	  
1.870 
	  
0.740 
         
Party at Fault Passenger Car 
 
Reference 
 
Reference 
  
  
Large Vehicle 0.450 
	  
1.569 
	  
0.667 
  
Other 
 
-0.100 
	  
0.905 
	  
0.794 
         
Unusual Road Condition No 
 
Reference 
 
Reference 
  
  
Yes 
 
14.532 
	  
2048190.769 
	  
0.984 
         
Precipitation or Slippery No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.249 
	  
0.779 
	  
0.659 
 
Hit & Run  
 
No  
 
Reference 	  
 
Reference 	  
 
 
  
Yes * 
 
-1.058 
 
0.347 
 
0.080 
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Variable  Category  Estimate  OR  P-value 
Speed Limit 
 
25 or under 
 
Reference 
 
Reference 
  
  
Over 25 
 
-0.134 
	  
0.875 
	  
0.736 
         Intersect 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.357 
	  
0.700 
	  
0.258 
         State Highway No 
 
Reference 
 
Reference 
  
  Yes  0.572 	  
1.771 
	  
0.585 
	   	   	   	   	   	   	   	   	  Control Device No 
 
Reference 
 
Reference 
  
  Yes  0.199 	  
1.220 
	  
0.519 
         Bike Infrastructure (linear) None 
 
Reference 
 
Reference 
  
  
Separated 
bikeway -1.004 	  
0.366 
	  
0.164 
  
Bike route 
 
-0.534 
	  
0.586 
	  
0.577 
  
Buffered bike 
lane 
0.528 
	  
1.696 
	  
0.617 
  Green wave  0.396 	  
1.485 
	  
0.603 
  Regular bike lane 0.293 	  
1.340 
	  
0.501 
         
Bike Infrastructure (point) None  Reference  Reference   
  
Point 
infrastructure 
0.445 
	  
1.561 
	  
0.637 
         
Bicycle Commuting 
Percentage 
Continuous 
 
-0.052 
	  
0.949 
	  
0.142 
         
Daylight or Street Lights Dark 
 
Reference 
 
Reference 
  
  
Light 
 
0.530 
	  
1.700 
	  
0.318 
         
Time of Day 
 
Morning 
 
0.130 
	  
1.139 
	  
0.717 
  
Day 
 
Reference 
 
Reference 
  
  
Evening 
 
0.072 
	  
1.074 
	  
0.862 
  
Night 
 
-0.200 
	  
0.819 
	  
0.598 
         
Day of the Week Monday 
 
-0.284 
	  
0.753 
	  
0.559 
  
Tuesday 
 
-0.242 
	  
0.785 
	  
0.599 
  
Wednesday 
 
0.100 
	  
1.105 
	  
0.850 
  
Thursday 
 
-0.126 
	  
0.882 
	  
0.794 
  
Friday 
 
Reference 
 
Reference 
  
  
Saturday 
 
0.096 
	  
1.101 
	  
0.871 
  
Sunday 
 
-0.812 
	  
0.444 
	  
0.104 
         
Year 
 
Continuous 
 
0.013 
	  
1.013 
	  
0.806 
         
Season 
 
Spring 
 
-0.079 
	  
0.924 
	  
0.814 
  
Summer  
 
0.355 
	  
1.426 
	  
0.336 
  
Fall 
 
Reference 
 
Reference 
  
  
Winter 
 
0.488 
	  
1.629 
	  
0.235 
     	    	    
McFadden’s Pseudo R-squared: 0.274 
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APPENDIX E 
 
BINOMIAL LOGISTIC MODEL, PEDESTRIAN COLLISIONS, COP VS. ALL OTHER 
INJURIES 
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Variable   Category   Estimate   OR   P-value 
Pedestrian Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
-0.052 
	  
0.950 
 
0.306 
         Pedestrian Age Age < 13 **** -0.480 
	  
0.619 
 
0.000 
  
Age 13 - 17 *** -0.365 
	  
0.695 
 
0.003 
  
Age 17 - 64 
 
Reference 
 
Reference 
  
  
Age > 64 **** -0.612 
	  
0.542 
 
0.000 
         Pedestrian Race White ****  -0.270 	  
0.763  0.000 
  Other  Reference  Reference   
         Pedestrian in Crosswalk No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
0.152 
	  
1.164 
 
0.020 
         
Pedestrian Impaired No 
 
Reference 
 
Reference 
  
  
Yes *** 
 
-0.432 
	  
0.649 
 
0.003 
         
Alcohol Involved No 
 
Reference 
 
Reference 
  
  
Yes  
 
-0.076 
	  
0.926 
 
0.527 
         
Party at Fault Pedestrian 
 
Reference 
 
Reference 
  
  
Pass. Car **** 
 
0.567 
	  
1.763 
 
0.000 
  
Large Vehicle ** 0.339 
	  
1.404 
 
0.046 
  
Other **** 
 
0.560 
	  
1.751 
 
0.000 
  
Bicycle 
 
-0.215 
	  
0.807 
 
0.239 
         
Unusual Road Condition No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.041 
	  
0.960 
 
0.781 
         
Precipitation or Slippery No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
0.164 
	  
1.178 
 
0.024 
         
Hit & Run 
 
No 
 
Reference 
 
Reference 
  
  
Yes *** 
 
-0.199 
	  
0.820 
 
0.007 
         
Speed Limit 
 
25 or under 
 
Reference 
 
Reference 
  
  
Over 25 *** 
 
-0.211 
	  
0.809 
 
0.006 
         
Intersect 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.030 
	  
1.031 
 
0.580 
         
State Highway No 
 
Reference 
 
Reference 
  
  
Yes *** 
 
-0.350 
	  
0.705 
 
0.002 
         
Control Device No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.084 
	  
0.919 
 
0.168 
     	      
Walking Commuting 
Percentage 
Continuous *** 0.006 
	  
1.006 
 
0.001 
     	      
Daylight or Street Lights Dark 
 
Reference 
 
Reference 
  
  
Light 
 
-0.102 
	  
0.903 
 
0.344 
  58 
     	      
Variable   Category   Estimate   OR   P-value 
Time of Day  Morning  -0.075 	  
0.928  0.272 
  Day  Reference  Reference   
  Evening  -0.118 	  
0.889  0.123 
  Night ***  -0.206 	  
0.814  0.003 
         
Day of the Week Monday  0.008 	  
1.008  0.933 
  Tuesday  -0.027 	  
0.973  0.757 
  Wednesday  0.070 	  
1.072  0.428 
  Thursday  0.046 	  
1.047  0.604 
  Friday  Reference  Reference   
  Saturday  -0.068 	  
0.934  0.458 
  Sunday  -0.064 	  
0.938  0.501 
         
Year  Continuous   0.014 	  
1.014  0.123 
         
Season  Spring  0.047 	  
1.048  0.505 
  Summer   0.056 	  
1.058  0.434 
  Fall  Reference  Reference  	  
  Winter  0.043 	  
1.044  0.527 
     	      
McFadden’s Pseudo R-squared: 0.112 
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APPENDIX F 
 
BINOMIAL LOGISTIC MODEL, PEDESTRIAN COLLISIONS, DRIVER AT FAULT, COP VS. 
ALL OTHER INJURIES 
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Variable   Category   Estimate   OR   P-value 
Pedestrian Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
-0.017 
	  
0.984 
	  
0.807 
         
Pedestrian Age Age < 13 *** 
 
-0.539 
	  
0.583 
	  
0.001 
  
Age 13 - 17 
 
-0.255 
	  
0.775 
	  
0.140 
  
Age 17 - 64 
 
Reference 
 
Reference 
  
  
Age > 64 **** -0.638 
	  
0.528 
	  
0.000 
         
Pedestrian Race White **** 
 
-0.297 
	  
0.743 
	  
0.000 
  
Other 
 
Reference 
 
Reference 
  
         
Pedestrian in Crosswalk No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.104 
	  
1.109 
	  
0.282 
         
Pedestrian Impaired No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
-0.801 
	  
0.449 
	  
0.010 
     	    	    Driver Gender Female 
 
Reference 
	  
Reference 
	    
  
Male 
 
-0.074 
	  
0.929 
	  
0.309 
     	    	    Driver Age 
 
Age <22 
 
0.161 
	  
1.175 
	  
0.321 
  
Age 22 - 64 
 
Reference 
	  
Reference 
	    
  
Age >64 
 
0.107 
	  
1.113 
	  
0.259 
     	    	    Driver Race 
 
White 
 
-0.005 
	  
0.995 
	  
0.938 
  
Other 
 
Reference 
	  
Reference 
	    
     	    	    Driver Drinking or Drugs No 
 
Reference 
	  
Reference 
	    
  
Yes * 
 
-0.523 
	  
0.593 
	  
0.092 
     	    	    Driver turning No 
 
Reference 
	  
Reference 
	    
  
Yes * 
 
0.175 
	  
1.191 
	  
0.076 
         
Alcohol Involved No 
 
Reference 
 
Reference 
  
  
Yes  
 
-0.006 
	  
0.995 
	  
0.985 
         
Party at Fault 
Passenger 
Car  
Reference 
 
Reference 
  
  
Large Vehicle -0.209 
	  
0.811 
	  
0.204 
  
Other 
 
0.052 
	  
1.054 
	  
0.563 
         
Unusual Road Condition No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.026 
	  
1.026 
	  
0.890 
         
Precipitation or Slippery No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.150 
	  
1.162 
	  
0.115 
         
Hit & Run 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.173 
	  
0.841 
	  
0.173 
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Variable   Category   Estimate   OR   P-value 
Speed Limit 
 
25 or under 
 
Reference 
 
Reference 
  
  
Over 25 
 
-0.094 
	  
0.910 
	  
0.361 
         
Intersect 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.045 
	  
1.046 
	  
0.528 
         
State Highway No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.159 
	  
0.853 
	  
0.320 
         
Control Device No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.014 
	  
1.014 
	  
0.872 
     	      
Walking Commuting 
Percentage 
Continuous ** 0.006 
	  
1.006 
	  
0.010 
     	      
Daylight or Street Lights Dark 
 
Reference 
 
Reference 
  
  
Light 
 
-0.112 
	  
0.894 
	  
0.436 
	   	   	   	   	   	   	   	   	  Time of Day 
 
Morning 
 
-0.108 
	  
0.898 
	  
0.225 
  
Day 
 
Reference 
 
Reference 
  
  
Evening 
 
-0.123 
	  
0.884 
	  
0.229 
  
Night 
 
-0.118 
	  
0.888 
	  
0.225 
         
Day of the Week Monday 
 
-0.031 
	  
0.969 
	  
0.797 
  
Tuesday 
 
-0.049 
	  
0.952 
	  
0.677 
  
Wednesday 
 
0.084 
	  
1.087 
	  
0.487 
  
Thursday 
 
0.027 
	  
1.027 
	  
0.823 
  
Friday 
 
Reference 
 
Reference 
  
  
Saturday 
 
-0.001 
	  
0.999 
	  
0.994 
  
Sunday 
 
0.028 
	  
1.028 
	  
0.840 
         
Year 
 
Continuous  
 
0.018 
	  
1.018 
	  
0.133 
         
Season 
 
Spring 
 
0.021 
	  
1.021 
	  
0.823 
  
Summer  
 
-0.068 
	  
0.934 
	  
0.490 
  
Fall 
 
Reference 
 
Reference 
 	  
  
Winter 
 
0.083 
	  
1.086 
	  
0.365 
     	    	    
McFadden’s Pseudo R-squared: 0.171 
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APPENDIX G 
 
BINOMIAL LOGISTIC MODEL, PEDESTRIAN COLLISIONS, COP & OV VS. SEVERE & 
FATAL INJURIES 
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Variable   Category   Estimate   OR   P-value 
Pedestrian Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 
-0.081 
 
0.922 
 
0.307 
         Pedestrian Age Age < 13 
 
-0.131 
 
0.877 
 
0.476 
  
Age 13 - 17 
 
0.253 
 
1.288 
 
0.257 
  
Age 17 - 64 
 
Reference 
 
Reference 
  
  
Age > 64 **** -0.819 
 
0.441 
 
0.000 
         Pedestrian Race White  -0.059  0.943  0.452 
  Other  Reference  Reference   
         Pedestrian in Crosswalk No 
 
Reference 
 
Reference 
  
  
Yes *** 
 
0.278 
 
1.320 
 
0.005 
         
Pedestrian Impaired No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
-0.417 
 
0.659 
 
0.029 
         
Alcohol Involved No 
 
Reference 
 
Reference 
  
  
Yes  
 
-0.134 
 
0.874 
 
0.432 
         
Party at Fault Pedestrian 
 
Reference 
 
Reference 
  
  
Passenger Car **** 
 
0.401 
 
1.493 
 
0.000 
  
Large Vehicle ** -0.506 
 
0.603 
 
0.023 
  
Other **** 
 
0.463 
 
1.589 
 
0.000 
  
Bicycle 
 
0.221 
 
1.247 
 
0.457 
         
Unusual Road Condition No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.176 
 
1.193 
 
0.483 
         
Precipitation or Slippery No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.117 
 
1.125 
 
0.297 
         
Hit & Run 
 
No 
 
Reference 
 
Reference 
  
  
Yes ** 
 
-0.276 
 
0.759 
 
0.013 
         
Speed Limit 
 
25 or under 
 
Reference 
 
Reference 
  
  
Over 25 **** 
 
-0.442 
 
0.643 
 
0.000 
         
Intersect 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 
0.020 
 
1.020 
 
0.817 
         
State Highway No 
 
Reference 
 
Reference 
  
  
Yes **** 
 
-0.535 
 
0.586 
 
0.000 
         
Control Device No 
 
Reference 
 
Reference 
  
  
Yes 
 
-0.084 
 
0.919 
 
0.369 
         
Walking Commuting 
Percentage 
Continuous ** 0.007 
 
1.007 
 
0.020 
     	      
Daylight or Street Lights Dark 
 
Reference 
 
Reference 
  
  
Light 
 
0.017 
 
1.017 
 
0.917 
         
  64 
Variable   Category   Estimate   OR   P-value 
Time of Day 
 
Morning 
 
-0.084 
 
0.919 
 
0.456 
  
Day 
 
Reference 
 
Reference 
  
  
Evening 
 
-0.130 
 
0.878 
 
0.305 
  
Night **** 
 
-0.514 
 
0.598 
 
0.000 
         
Day of the Week Monday 
 
0.242 
 
1.273 
 
0.103 
  
Tuesday 
 
-0.079 
 
0.924 
 
0.558 
  
Wednesday 
 
0.066 
 
1.068 
 
0.632 
  
Thursday 
 
0.040 
 
1.041 
 
0.773 
  
Friday 
 
Reference 
 
Reference 
  
  
Saturday 
 
-0.134 
 
0.874 
 
0.326 
  
Sunday 
 
-0.001 
 
0.999 
 
0.996 
         
Year 
 
Continuous  
 
0.013 
 
1.013 
 
0.356 
         
Season 
 
Spring 
 
0.066 
 
1.069 
 
1.069 
  
Summer  
 
0.078 
 
1.081 
 
1.081 
  
Fall 
 
Reference 
 
Reference 
 	  
  
Winter 
 
-0.093 
 
0.911 
 
0.911 
         
McFadden’s Pseudo R-squared: 0.140 
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APPENDIX H 
 
BINOMIAL LOGISTIC MODEL, PEDESTRIAN COLLISIONS, DRIVER AT FAULT, COP 
& OV VS. SEVERE & FATAL INJURIES 
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Variable   Category   Estimate   OR   P-value 
Pedestrian Gender Female 
 
Reference 
 
Reference 
  
  
Male 
 0.101 
 
1.107 
 
0.383 
         
Pedestrian Age Age < 13 *** 
 -0.771 
 
0.463 
 
0.001 
  
Age 13 - 17 
 0.236 
 
1.266 
 
0.491 
  
Age 17 - 64 
 
Reference 
 
Reference 
  
  
Age > 64 **** -0.898 
 
0.407 
 
0.000 
         
Pedestrian Race White 
 0.042 
 
1.043 
 
0.720 
  
Other 
 
Reference 
 
Reference 
  
         
Pedestrian in Crosswalk No 
 
Reference 
 
Reference 
  
  
Yes ** 
 0.318 
 
1.374 
 
0.038 
         
Pedestrian Impaired No 
 
Reference 
 
Reference 
  
  
Yes *** 
 -1.124 
 
0.325 
 
0.007 
     	    	    Driver Gender Female 
 
Reference 
	  
Reference 
	    
  
Male ** 
 -0.252 
 
0.777 
 
0.048 
     	    	    Driver Age 
 
Age <22 *** 
 -0.684 
 
0.504 
 
0.002 
  
Age 22 - 64 
 
Reference 
	  
Reference 
	    
  
Age >64 
 0.236 
 
1.267 
 
0.162 
     	    	    Driver Race 
 
White 
 0.041 
 
1.042 
 
0.726 
  
Other 
 
Reference 
	  
Reference 
	    
     	    	    Driver Drinking or Drugs No 
 
Reference 
	  
Reference 
	    
  
Yes **** 
 -1.618 
 
0.198 
 
0.000 
     	    	    Driver turning No 
 
Reference 
	  
Reference 
	    
  
Yes ** 
 0.405 
 
1.499 
 
0.026 
         
Alcohol Involved No 
 
Reference 
 
Reference 
  
  
Yes  
 0.591 
 
1.805 
 
0.203 
         
Party at Fault 
Passenger 
Car  
Reference 
 
Reference 
  
  
Large Vehicle 
**** -0.896 
 
0.408 
 
0.000 
  
Other 
 0.167 
 
1.181 
 
0.314 
         
Unusual Road Condition No 
 
Reference 
 
Reference 
  
  
Yes 
 0.123 
 
1.131 
 
0.704 
         
Precipitation or Slippery No 
 
Reference 
 
Reference 
  
  
Yes 
 0.229 
 
1.257 
 
0.171 
         
Hit & Run 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 -0.281 
 
0.755 
 
0.177 
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Variable   Category   Estimate   OR   P-value 
Speed Limit 
 
25 or under 
 
Reference 
 
Reference 
  
  
Over 25 ** 
 -0.377 
 
0.686 
 
0.019 
         
Intersect 
 
No 
 
Reference 
 
Reference 
  
  
Yes 
 0.016 
 
1.016 
 
0.894 
         
State Highway No 
 
Reference 
 
Reference 
  
  
Yes 
 -0.109 
 
0.897 
 
0.662 
         
Control Device No 
 
Reference 
 
Reference 
  
  
Yes 
 -0.096 
 
0.908 
 
0.515 
     	      
Walking Commuting 
Percentage 
Continuous ** 
0.009 
 
1.009 
 
0.037 
     	      
Daylight or Street Lights Dark 
 
Reference 
 
Reference 
  
  
Light 
 -0.076 
 
0.927 
 
0.756 
	   	   	   	   	   	   	   	   	  Time of Day 
 
Morning 
 -0.122 
 
0.885 
 
0.419 
  
Day 
 
Reference 
 
Reference 
  
  
Evening 
 -0.001 
 
0.999 
 
0.995 
  
Night 
 -0.236 
 
0.789 
 
0.154 
         
Day of the Week Monday 
 0.288 
 
1.334 
 
0.169 
  
Tuesday 
 0.001 
 
1.001 
 
0.997 
  
Wednesday 
 0.100 
 
1.105 
 
0.620 
  
Thursday 
 0.171 
 
1.187 
 
0.395 
  
Friday 
 
Reference 
 
Reference 
  
  
Saturday 
 -0.006 
 
0.994 
 
0.978 
  
Sunday 
 0.274 
 
1.316 
 
0.245 
         
Year 
 
Continuous  
 0.012 
 
1.012 
 
0.553 
         
Season 
 
Spring 
 0.159 
 
1.172 
 
0.327 
  
Summer  
 0.129 
 
1.137 
 
0.443 
  
Fall 
 
Reference 
 
Reference 
 	  
  
Winter 
 -0.008 
 
0.992 
 
0.958 
       
McFadden’s Pseudo R-squared: 0.230 
 
 
 
 
 
 
